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Introduction
Globally, acid mine drainage can arise as a result of
mining activities that expose mineralized zones to
oxygen and water, oxidizing pyrite and other acidproducing metals. Remediation practices are designed
to stop the contamination of waterways and impacts
to biodiversity, but aren’t always 100% successful.
Bullion Mine, located in the Boulder River watershed
near Basin in southwestern Montana (Figure 1) is one
such site. Prior to mining this area, acid produced
from polymetallic quartz-vein deposits was partially
neutralized from the rocks through which it flowed
(Church et al., 2004). After development, mine tailings
Figure 1. Location of Bullion Mine (modified from USGS, with a high concentration of iron sulfide minerals
produced acid mine drainage, resulting in the release
2004)
to the local watershed of elevated concentrations of
trace elements, including zinc, arsenic, lead, copper, and chromium (USEPA, 2013). Depending on
conditions, the elements may remain mobile or can accumulate in soils and sediment over time.
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Figure 4. Percent of carbon and sulfur in samples collected from (A) seeps trench and (B) the vegetation seep trench
samples.

Discussion and Conclusions

As seen in Figure 5, less than 50 mg/kg of copper was extracted in each step from the seeps trench samples
(in all samples except for ST-1), with the greatest amounts being released as part of the water soluble
fraction. For most of the vegetation seeps trench samples, copper release was seen throughout, with the
highest amounts released from the step targeting the organic matter fraction.

The goal of this work was to compare metal retention and associations in soils collected from two separate
locations at Bullion Mine: one site close to the mineralized zone and a wetland area that was not obviously
impacted by water seeping from the mineralized zone.
A

B

Figure 5. Concentration of copper extracted from (A) seeps trench and (B) vegetation seep trench samples.

Extracted concentrations of zinc are lower in the seeps trench samples than the vegetation seep samples
(Figure 6). The highest concentrations of zinc are extracted in the organic matter step for the seeps trench
samples. In the vegetation seep trench samples, there greatest amounts of zinc were released in the
exchangeable and iron and manganese oxide fractions. Sample VS-6 contains much higher concentrations
than any other sample.
Concentrations of arsenic in the seeps trench samples vary, and release is seen in all steps of the extraction,
particularly the iron and manganese oxide, organic matter, and sulfide mineral fractions (Figure 7A). In the
vegetation seep samples, most arsenic is associated with the organic matter fraction (Figure 7B).

Soil samples were collected by students enrolled in Indiana University’s field camp in the summer of 2014
from two separate locations at Bullion Mine: an unvegetated site in an area that occasionally receives
seepage from the mineralized zone (“Seeps Trench” ; Figure 2a) and a wetland area that was not directly
receiving acid mine drainage (“Vegetation Seep Trench”; Figure 2b).
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Figure 8. Total concentrations of metals extracted for each step; (A) seeps trench and (B) the vegetation seeps trench.

In general the samples from the vegetation seep trench contain higher percentages of carbon and sulfur
than the seeps trench samples (Figure 4). No vegetation or obvious organic matter is seen at the seeps
trench site. Carbon and sulfur from the seeps trench have values mostly under 0.2%. ST-1 and VS-4 contain
the highest amounts of carbon.

Metal retention in soils is often associated with colloids (primarily clays, iron oxides and organic matter).
Sequential extraction procedures are often utilized to determine the concentration and trace metal
associations in soils. Such procedures involve the use of several reagents to target specific phases that might
retain trace elements (e.g. water soluble, bound to iron oxides, etc.). Analysis of resulting extracts provides
information on metal retention and availability.
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As seen in Figure 8, the vegetation seeps samples contain much higher concentrations of total extracted
metals compared to the seeps trench samples.
Preliminary results indicate that the higher concentrations of organic matter in the vegetation seeps trench
sampling site is likely responsible for metal accumulation and retention, compared to the seeps trench
sampling site, which is considerably lower in organic matter content. Sample ST-1 has an organic carbon
content greater than the other seeps trench samples, and also has a higher concentration of metals
extracted compared to the other seeps trench samples.
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Figure 6. Concentration of zinc extracted from (A) seeps trench and (B) vegetation seep trench samples.

Additional data (including concentrations of other metals such as iron, manganese, etc., as well as total
meta concentrations) are needed to evaluate metal retention in and availability from soil samples at these
sites.

Figure 2. (A) seeps trench and (B) vegetation seep trench sampling locations at Bullion Mine.
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Reagent

1

Water soluble

2

Exchangeable ions and Acetic acid (0.11M)
carbonates

3

Fe and Mn oxides and Hydroxylamine HCl (0.5M)
hydroxides

4

Organic matter

Hydrogen peroxide (8.8 M)

5

Sulfide minerals

Ammonium acetate (1.0M),
pH 2

A

Milli-Q water

Table 1. Steps in the sequential extraction procedure.

Figure 7. Concentration of arsenic extracted from (A) seeps trench and (B) vegetation seep trench samples.
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